The correlations between chronic endometritis and unexplained infertility are unexplored.
| INTRODUCTION
Chronic endometritis (CE) is a chronic inflammatory condition characterized by the presence of plasma cells in endometrial stroma.
1,2 CE is a subtle disease, often overlooked by clinicians due to poor symptomatology, such as uterine bleeding, pelvic discomfort, dyspareunia, and leucorrhea.
3,4
Diagnosis of CE is challenging: Clinical and ultrasound examinations are non-specific, while histological analysis may be misleading due to the common presence of leukocytes in endometrial lining, especially before menstruation. [5] [6] [7] For such reasons, fluid hysteroscopy may help in CE detection, by allowing the recognition of specific signs of CE, such as micropolyps, stromal edema, and focal or diffuse hyperemia.
7-9
The alterations of endometrial microenvironment observed in CE may hamper endometrial receptivity, potentially causing female infertility. 4, 5 Nevertheless, different studies have previously showed that CE is highly prevalent in patients affected by infertility, especially in case of repeated IVF failures (RIF), 10, 11 with a prevalence up to 57.55%. 12 Intriguingly, different studies demonstrated that antibiotic therapy is able to restore normal endometrial histology, as well as to improve implantation rate in such patients, [10] [11] [12] suggesting a causal relationship between CE and defective endometrial receptivity.
Although the correlations between CE and RIF have been largely evaluated, no study has still investigated the impact of CE on "unexplained infertility" (UI). UI is diagnosed in about 15% of couples seeking medical advice, when standard investigations fail to identify any abnormality. 13 Due to poor spontaneous pregnancy rate (between 2%
and 4% per menstrual cycle) [14] [15] [16] and the lack of clear targets for therapy, such patients are often submitted to ARTs, with limited results.
17
In this study, we aimed to evaluate the prevalence of CE in patients affected by UI. Moreover, we investigated the rate of spontaneous pregnancy in those women in which CE was diagnosed and treated with appropriate antibiotic treatment.
| MATERIALS AND METHODS

| Study design
Single-center retrospective study realized at Department of Ob/Gyn, University of Bari, Italy. We enrolled consecutive patients referred for diagnostic hysteroscopy due to UI between July 2014 and July 2015.
The study was approved from local ethical committee.
| Participants
We included patients with diagnosis of UI, 18 
| Diagnosis and treatment of CE
All women underwent fluid diagnostic mini-hysteroscopy in the follicular phase of menstrual cycle. Procedures were performed by three authors (E.C., G.T., P.C.M.). Hysteroscopic recognition of CE was based on the demonstration of micropolyps, polypoid endometrium, stromal edema, and focal or diffuse hyperemia. 7, 8 In the follicular phase of the subsequent cycle, endometrial specimens were collected using a 3 mm Novak's curette. Endometrial samples were then divided into two aliquots for histological and culture analysis. CE was defined as the presence of 1-5 plasma cells/hpf or discrete clusters of <20 plasma cells by CD138 staining. In case CE diagnosis, an appropriate antibiotic treatment was prescribed. In the follicular phase of the cycle following the therapy, hysteroscopy and endometrial biopsy were repeated. Treatment was administered until hysteroscopy, cultures and histologic findings were normalized (for no more than three cycles). All details about hysteroscopic examination, endometrial sampling, histological analysis, microbiological analysis, and antibiotic therapy are reported in Appendix S1.
| Data collection
Two were contacted by telephone to obtain information.
Subsequently, patients received a telephonic interview about their reproductive outcome 12 months after hysteroscopy (if negative) or EOT (in case of CE diagnosis) by one author (G.T.). In case of ongoing
pregnancy at the time of interview, patients were successively contacted to assess the pregnancy outcome. In particular, the occurrence of miscarriage (fetal loss prior to the 20th week of gestation) and live birth (delivery of healthy baby before/after 37 gestational weeks) was investigated.
| Statistical analysis
Statistical analysis was performed using Epic Info 6.04 (CDC Atlanta, GA, USA). Continuous variables were reported as mean ± standard deviation (SD), while qualitative variables were presented as frequencies (absolute) and percentages (%). Comparisons between continuous variables (normally distributed) were performed using Student's t est.
Comparisons between categorical variables were assessed with contingency tables and chi-square test or Fisher's test, when necessary.
Logistic regression was used to estimate the effect of age on pregnancy outcomes. A value of P < .05 was considered as statistical significant.
| RESULTS
Among 117 patients referred for hysteroscopy due to UI, 22 were excluded as follows: 13 were not eligible (four had BMI > 30, seven with mild-severe male factor and two had previous surgery for myoma/endometriosis) and nine declined to participate at the time of interview ( Figure 1 ). Finally, a total number of 95 women were included. Mean age was 30.9 years (±2.1), mean duration of infertility was 1.7 years (±0.6). 83.16% of patients were nulliparous and 72.6% were married. Remaining 27.4% of patients were cohabiting. (Table 1 ). In 41 women (43.2%), hysteroscopy was negative for CE; accordingly, histology was negative (Figure 1 ). On the contrary, 54 women (56.8%)
were diagnosed with CE at hysteroscopy and 53 (55.7%) also at histology. Among women with histological CE, endometrial culture was positive in 34 women (64.2%) and negative in 19 (35.8%) (Figure 1 ).
All microbiological findings are reported in Table 1 . In 28 (82.3%) of 34 patients with positive cultures, antibiotics lead to CE resolution (negative hysteroscopy, histology, and cultures), while in remaining six patients (17.6%), CE was persistent. In 19 cases positive at hysteroscopy and histology but not at cultures, multidrug therapy was prescribed, leading to resolution of CE in 10 women (52.6%). In the remaining 9 women (47.3%), CE was persistent (Figure 1 ).
| Reproductive outcome
Patients were divided into three groups according to CE absence/ resolution/persistence:
1. Group 1: (n = 42) patients negative for CE.
2.
Group 2: (n = 38) patients with initial diagnosis of CE and subsequent CE resolution after treatment.
3.
Group 3: (n = 15) patients with persistent CE after treatment.
No significant difference was observed concerning baseline characteristics ( 
| DISCUSSION
A growing body of evidence supports a close relationship between CE and reproductive impairment. 1, 4, 20, 21 Whilst different studies have already demonstrated an association between CE and RIF, 22, 23 the correlations between CE and UI are still uncertain. In a previous study, 24 we found high prevalence of CE in a cohort of patients with UI (40.7%). However, the reproductive outcome after antibiotic therapy was not evaluated.
At our knowledge, the present study is the first in literature evaluating the impact of CE therapy on natural conception in patients affected by UI.
| Main findings
Among a total number of 95 patients, we found high prevalence of histological CE (55.7%). Such result was comparable to prevalence observed by other authors in patients affected by RIF (55.7%, 46.67%, and 43.56%, respectively, in three studies 12, 22, 23 ) and recurrent miscarriage (52.78%, 56.07%, and 43.66% in three studies 1, 25, 26 ), suggesting a strong correlation between CE and defects in implantation and embryo development.
Moreover, hysteroscopy showed high reliability in CE recognition in our study, with a single false-positive result (positivepredictive value = 98.1%), confirming data previously published by our group 24, 27, 28 and by other authors. 26, 29 It is seemingly highlighting the importance of hysteroscopic evaluation of uterine cavity in patients affected by UI before proposing ARTs.
30-32
Group 1 (n = 42) Group 2 (n = 38) Group 3 (n = 15) P value In the present experience, endometrial culture allowed the identification of specific germs in 64.1% of patients affected by CE. In these patients, we found a plethora of microorganisms, including common Concerning the evaluation of reproductive outcome, we observed an extremely higher rate of spontaneous pregnancies (P = .0007), as well as live births (P = .003) in patients in which CE was successfully treated in comparison with patients with persistent CE after antibiotics. Namely, a negative correlation between CE and patients' fertility was observed, which was reversible after successful therapy. In addition, patients with initial diagnosis of CE showed considerably higher chance to achieve an ongoing pregnancy and a live birth in comparison with women without CE (OR = 14.48 and OR = 19.26), confirming the theory that CE is a "curable" factor of infertility. 10, 12 These results are in accordance with different studies supporting a considerable improvement of both spontaneous 1,25,36 and artificial reproduction 10, 12 in patients with CE after antibiotic therapy. In other hand, such results are emphasizing for the first time the concept that "detection and treatment of CE" may potentially solve a non-negligible percentage of cases of UI.
| Limits
Our study is not exempt from limitations. The study design (retrospective) and the small sample size included are the main sources of bias, potentially weakening the robustness of our findings. In addition, the evaluation of reproductive outcomes by a telephonic interview may represent a further source of bias, even if outcomes assessed are quite objective (clinical pregnancy, miscarriage, and live birth).
| CONCLUSIONS
Our study demonstrates that CE is highly prevalent in patients with UI and that antibiotic therapy could improve spontaneous pregnancy rate and live birth rate in such patients. Given the limits of our study, further prospective highly powered randomized trials are needed to validate our findings.
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